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(54) Device for heart stimulation 

(57) The invention relates to a device for affecting 
the heart, for example for implantation. A heart affecting 
means 

(3,4,5,6) applies a voltage over at least a selected por- 
tion of the heart during an activation interval with a rise 
and fall with a derivative, the absolute value of which is 
less than the value of the derivative which for a patient 
in question triggers the patient's heart beat, and with a 
duration from beginning to end of each applied voltage 
signal of at least 30 ms. 
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Description 

The invention relates to a device for heart stimula- 
tion of the general type disclosed in the preamble to 
Claim 1. 

Such devices for heart stimulation, specially as im- 
plants, but also those for external placement, are known 
in a wide range of variations. The most common is the 
pacemaker, which by controlled application of pulses 
can control the beating of the heart, either completely 
when the natural function is absent, or as a controlled 
supplement. In general, a pacemaker is often designed 
with a defibrillation function, i.e. for emitting powerful 
current shocks intended to break an unsuitable arythmic 
state (e.g. fibrillation). This is a rather brutal method of 
treatment and for many years there has been a desire 
to achieve gentler means of breaking off and preventing 
such states. 

In commonly occurring malfunctions of the heart 
muscles, instead of a consistent "ignition sequence" (to 
use a metaphor) propagating in a natural manner from 
the sinus node to produce a satisfactory heart beat, 
there is a type of cyclical process which does not dissi- 
pate after a full contraction but can continue as local 
contractions to no purpose. The conduction system has 
collapsed. A relatively mild therapy for correcting or re- 
storing this system is desirable. 

The main purpose of the invention is to achieve an 
electrical influence on the heart which in a gentle man- 
ner reduces the occurrence of malfunctions in the mus- 
cles of the heart. 

Another purpose of the invention is to achieve an 
electrical effect on the heart which can be employed to 
stop at an early stage fibrillation and tachycardia. 

An additional purpose of the invention is to achieve 
an electrical effect on the heart which can be used to- 
gether with pace pulse stimulation and/or stimulation 
through defibrillation of the heart. 

Another purpose of the invention is to achieve 
measurements of cardiac functions under special con- 
ditions for diagnostic purposes. 

By applying a direct current field over the heart, it 
has been surprisingly shown in tests that it is possible 
to achieve a recovery of the correct conduction system 
in the heart muscles. In general, this application of dc 
current should be temporary and prompted by a dem- 
onstrated need. 

It is also been demonstrated that the cardiac ECG 
will be markedly changed so that special disease states 
can be diagnosed by applying a dc field. 

In certain cases there can, however, be a need for 
long term therapeutic application of a dc field. The dc 
field can then be applied over the electrodes. An elec- 
trode, which in this case acts as an anode, can then 
cause an undesirable stimulation of the tissue with 
which it is in contact. In such cases it is an advantage if 
the dc field changes polarity periodically. Thus in such 
cases an alternating current with a low frequency rela- 



tive to the heart beat is applied to the heart. 

In accordance with the invention it is essential that 
the forward edge and the rearward edge of the voltage 
application increases or decreases so slowly that no 

5 heart beat is triggered. The falling off period should be 
just as long as the period of increase but in the opposite 
direction. The period of increase and the falling off pe- 
riod need not, however, be identical. Furthermore all sig- 
nal transitions shall be gently rounded, also to avoid trig- 

10 gering a heart beat. The absolute value of the derivative 
of the signal should over the entire curve be less than 
600 volts/second. The duration of the applied voltage 
must be made long relative to the length of the pace 
pulser (ca 1 ms) or of the defibrillating pulse (<ca 10 ms) 

15 and should therefore preferably exceed 30 ms, but is of 
course dependent on the individual in question and can 
therefore in certain cases be shorter. The duration can, 
however, extend over a number of heart beats and in 
certain cases over hours and days. 

20 Without intending to restrict the invention to a cer- 
tain explanation, it is assumed at present that the ob- 
served effect depends on the particular electrical/ele- 
ktrochemical conditions in the active heart cells. The po- 
larization in most heart cells at rest is ca -90 mV, with 

25 the inside negatively charged relative to the outside. An 
electric disturbance exceeding a certain threshold value 
causes a reversal of the cell polarity, a depolarisation. 
The amplitude of the action potential is about 110 mV 
and the voltage differential between the cell's interior 

30 and exterior is then +20 mV. Repolarization occurs 
spontaneously. The process is associated with the con- 
traction of the muscle cell. 

It is assumed that application of a constant voltage 
field over the heart muscles with a voltage differential 

35 between two electrodes, causes the absolute potential 
for the exterior of the cells in the potential field to be 
changed. A change in potential caused by the applied 
voltage due to the dc field may conceivably be insuffi- 
cient to trigger the polarization. 

40 in experiments on pigs, it has for example been 
shown that by applying an electric field (of 4 V) in the 
direction of the axis of the heart, there was obtained a 
phase shift between the atrium and ventricular depolari- 
zations sufficient so that they will occur at the same time. 

45 in accordance with a further development of the in- 
vention, a plurality of electrodes are arranged which can 
provide different types of fields by suitable application 
of potentials. 

With four electrodes in a single plane, it is virtually 

50 possible to obtain for example a dipole field in any di- 
rection within this plane. 

When working in conjunction with pace pulses, it is 
suitable to see to it that the field is applied when the 
pulse is applied, either by synchronization or by applying 

55 the field for so a long period that synchronization is not 
necessary. The application itself and its elimination must 
occur sufficiently slowly (long rising and falling times) so 
that it will not give rise to any depolarization effect. 



2 



3 



EP 0 727 241 A1 



4 



The invention will be described in more detail below 
with reference to the accompanying drawings, where 

Figure 1 shows a block diagram of one embodiment 
of a circuit in a heart stimulation device with the ar- 
rangement according to the invention, 
Figure 2 shows various types of possible signal 
shapes which can be used according to the inven- 
tion, 

Figure 3 shows a simple block diagram of one em- 
bodiment of a circuit for carrying out therapy with 
voltage application according to the invention. 

Figure 1 shows schematically a heart 1 in which a 
set consisting of a tip electrode ERA and a ring electrode 
IRA have been inserted in the upper right atrium and a 
set with a tip electrode ERV and a ring electrode IRV 
has been placed in the right ventricle. A first epicardial 
ventricle electrode PRV is placed outside the heart di- 
rectly outside its right ventricle. A second epicardial ven- 
tricle electrode PLV is placed outside the heart directly 
outside its left ventricle. 

This is a possible electrode configuration for a heart 
which is subject to "flutter" or "fibrillation". The electrode 
configuration is coupled to an implanted pacemaker/de- 
fibrillator. 

Depending on the type of cardiac fault, the elec- 
trode set ERA, IRA or ERV, IRV can be eliminated (not 
shown in a special figure). The atrial functioning of the 
heart is measured between ERA/IRA and its ventricular 
function is measured between ERV/IRV. These signals 
are detected in a detection circuit 2 to which the elec- 
trodes are coupled. The detection circuit 2 compares the 
incoming signals with special predetermined conditions 
stored in the circuit, said conditions prompting electrical 
cardiac stimulations of various types. When one of these 
conditions is fulfilled, its signal is fed to a control circuit 
3 that steps are to be taken. In Figure 1 , several outputs 
are shown from the detection circuit 2 to the control cir- 
cuit 3 to indicate that different conditions give different 
types of signals. 

It should be observed that a heart stimulation device 
implanted in a patient's body should require as little en- 
ergy as possible to be able to function for as long as 
possible without battery replacement, since such re- 
placement requires reoperating on the patient. As in 
conventional pacing/pacemaker treatment, the instan- 
taneous cardiac activity of the heart is measured for ex- 
ample by the electrodes ERA and/or ERV. Transmission 
between the circuits 2 and 3 and the calculations in the 
circuit 3 can of course be carried out both in an analogue 
or digital manner. The circuit designs themselves are 
known and do not constitute any portion of the invention. 
They are simple for a person skilled in the art to con- 
struct if he knows the desired function, and are therefore 
not shown here. 

If the conditions for sending pace pulses to ERA 
and/or ERV are fulfilled, the control circuit 3 activates a 



pace pulse generating circuit 4 coupled to the electrodes 
ERA and ERV to provide one or more pace pulses. 
These are given between each electrode and a refer- 
ence voltage V ref with a displacement between them. 
s If the conditions for applying a defibrillation pulse or 

pulses are fulfilled, the control circuit 3 activates a defi- 
brillator pulse generating circuit 5 coupled to PRV and 
PLV to provide some type of defibrillation pulse or defi- 
brillation pulse sequence. 

This belongs to the known art and will not be de- 
scribed in more detail here. The various circuits can op- 
erate and be controlled in a more or less complicated 
manner which will not be described in more detail here. 
It should, however, be observed that the various types 
and combinations of pace pulses, pace pulse sequenc- 
es, defibrillation pulses and defibrillation pulse sequenc- 
es can be utilized simultaneously with the therapy pro- 
vided by the invention. It should also be observed that 
any of the abovementioned circuits can be eliminated, 
for example circuit 4 and/or circuit 5 without departing 
from the scope of the invention. 

According to the invention an additional circuit 6 is 
arranged and is controlled by the control circuit 3. The 
circuit 6 is shown in Figure 1 coupled to all of the elec- 
trodes outside and within the heart. This is due to the 
fact that for different states of the heart and/or for differ- 
ent conditions regarding the detected signals, it can be 
suitable to apply the long or lowf requency non triggering 
stimulation signal according to the invention between 
various of the electrodes shown and/or between them 
and a reference potential V ref , which is suitably on the 
casing of the implanted stimulating device according to 
the invention. It is also possible to provide a plurality of, 
for example 3, of the electrodes with simultaneous cur- 
rent and for example give a multi phase treatment. 

It is, however, obvious that in individual cases there 
may only be required an applied slowly varying stimula- 
tion signal over only two of the electrodes, for example 
between the ventricural electrodes PRV and PLV, or be- 
tween the ring electrodes IRA and IRV. In such a case 
the connection to the other electrodes from the circuit 6 
are not required. Other electrodes can then be eliminat- 
ed, if they are not required for another type of treatment. 

As stated above, the voltage application according 
to the invention can assume various forms. It can consist 
of a single voltage application during a certain time pe- 
riod with a certain polarity, or it can consist of a slowly 
varying alternating current, or it can consist of a voltage 
application during a certain time period with one polarity 
followed by a period without extra voltage application 
and thereafter followed by a voltage application with the 
opposite polarity or alternatively with the same polarity, 
etc. 

Measuring cardiac activity can be effected during 
voltage application externally or internally with the de- 
tection circuit 2 for diagnosis of the heart. It can be done 
for example during a medical check-up. An ECG (elec- 
trocardiogram) is a sequence of signals corresponding 
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to various electrical events. These can be registered 
with the aid of electrodes on the surface of the body or 
with electrodes in the heart, as is shown in Figure 1 . The 
relevant signal portions during a heart beat are identified 
with the letters P, RS (or merely R), T, where P corre- 
sponds to atrial polarization, QRS to ventricular polari- 
zation and T ventricular repolarization. An ECG is a di- 
agnostically useful aid for studying, for example, dam- 
age to the heart muscle and its conduction system. 

When applying low voltage direct current over por- 
tions of the heart, there is a distortion of the ECG, for 
example the above mentioned phase shift between the 
atrial and venticular depolarization. This distortion will 
be different for different cardiac pathological states and 
for different types of voltage application. An ECg taken 
during a slowly applied voltage over the heart, possibly 
with varying electrode configuration according to a pre- 
determined pattern ; can thus provide essential and de- 
tailed information to the examining physician concern- 
ing the state of the patient's heart. The arrangement ac- 
cording to the invention can therefore be used both for 
diagnosis and therapy. 

Figures 2A-2E show various curve shapes of the 
voltage application according tothe invention. Figure 2A 
shows a voltage application during a certain number of 
heart beats with a soft start, a period of increase of ap- 
proximately 400 V/sec up to approximately 2 V with a 
soft transition to constant voltage and a gently falling 
curve down to 0 V. Figure 2B shows the same curve as 
in Figure 2A but with superimposed pacing pulses. Fig- 
ure 2C shows an applied sinus wave with a frequency 
which, for example, can be 1 Hz, and with an amplitude 
of approximately 2 V. Figure 2D shows a voltage appli- 
cation with alternating pulses with the pulse shape 
shown in Figures 2Aand 2B. Fig. 2E shows that the volt- 
age application can also have triangular shape. The 
pace pulse stimulation and the defibrillation stimulation 
can occur at the same time with each type of curve 
shape for voltage application according to the invention. 
Today, different voltage amplitudes are used depending 
on the method of cardiac stimulation: 

implantable pervenous and epicardial systems, 0 - 
10 V, 

transcutaneous and osophagal diagnostic and am- 
bulatory heart stimulations, 0-20 V. 

It is essential that the frequency of the voltage ap- 
plication be sufficiently low to not affect the triggering of 
the cells. It should therefore exceed ten times the max- 
imum conceivable pace pulse duration, which approxi- 
mately corresponds to a duration of a half period of 30 
ms, which means that the duration from beginning to the 
end of each applied voltage signal will probably be at 
least 30 ms. The absolute value of the derivative of each 
portion of the applied therapy voltage should, for most 
patients, be less than 600 V/sec in order not to cause a 
triggering of the heart. The amplitu-de of the applied 



voltage should be as low as possible while still achieving 
the required effect (a physiologically acceptable voltage 
is assumed). This involves an amplitude of from ca 60 
mV and upwards to approximately 10 V at the same 
5 time as the current can be between 0 and 10 mA. It 
should be observed that the limits given here can be ex- 
tended if there are special needs, provided only that the 
voltage application is physiologically acceptable to the 
patient. 

10 What probably happens during the application of 

the voltage, at least when it is positive, is that normal 
heart cells are caused to act as sinus cells, which pro- 
duces active stimulation. The heart can for example be 
caused to beat more rapidly thereby. A suitable level for 

15 the individual heart is best determined by analyzing the 
signals received from the measuring electrode or meas- 
uring electrodes ERA, ERV. 

An advantage with the therapy which can be pro- 
vided with the stimulation unit according to the invention 

20 js that it can be employed at a significantly earlier stage, 
when the heart comes into an arythmic state, than what 
is suitable for starting defibrillation. The conditions for 
defibrillation are relatively strict. The stimulation accord- 
ing to the invention can thus be employed even upon 

25 moderate ventricular and atrial arythmias. 

In order to determine the suitable voltage level for 
the individual, in which the stimulation devices implant- 
ed is possible at a first occurrence of arythmia with the 
less strict conditions for employment to cause the ap- 

30 plied voltage to increase very slowly. 

Determination of when the arythmia declines or 
ceases can be done continually during a certain time 
period with increasing voltage. Thereafter, the voltage 
can be kept constant during a certain period of time to 

35 thereafter slowly decline. The voltage where the therapy 
had an effect can be stored in a memory 7 to be used 
at later occurrences of arythmia. To produce the suitable 
voltage level, a flank can be standardized and steeper 
than during the above described determination phase, 

40 but less steep than the flank which would trigger the pa- 
tient's heart. 

At later occurrences of arythmia, if the detection of 
the circuit 2 during treatment should show poor effect 
on the cardiac arythmia, there will be a new increase in 

45 the voltage level until a good effect is obtained and this 
will be stored in the memory 7. The applied voltage 
should, however, not be too great. 

As shown in Figure 3 ; one embodiment of the circuit 
6 can comprise an oscillator 8, which can be controlled 

50 by the control circuit 3 as regards its frequency, ampli- 
tude and curve shape. The control circuit 3 can also turn 
it on and off. The control circuit 3 can also control the 
engagement of the oscillator 8 to various combinations 
of the electrodes placed in and outside the heart. The 

55 detector circuit 2 also sends information to the control 
circuit concerning the timing of the heart beat. The con- 
trol circuit 3 waits until after a fully completed heart beat 
with a dissipated so- called T-pulse before initiating an 
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4. Device according to one of the preceding claims, 
characterized in that the heart affecting means 
comprises an oscillator (8), which emits a low fre- 
quency alternating voltage with the frequency which 

s is less than 1 6 Hz, each half period of the alternating 

voltage constituting an activation interval. 

5. Device according to Claim 3 or 4, characterized in 
that the heart affecting means is controllable as re- 

10 gards the length of period and/or amplitude and/or 

phase from the control circuit (3), either through ex- 
ternal control or in response to a sensed state. 

6. Device according to one of the preceding claims, 
15 characterized in that it cooperates superimposed 

with apace pulse stimulating (4) and/or defibrillation 
stimulating (5) arrangement for a heart. 

7. Device according to one of the preceding claims, 
20 characterized in that the heart affecting means for 

the controlled application of voltage during the ap- 
plication interval emits a sinusoidal signal. 

8. Device according to one of Claims 1 -6, character- 
's ized in that the heart affecting means for the con- 
trolled application of voltage during the activation 
interval or activation intervals emits a trapezoidal 
signal with gentle transitions of the derivative be- 
tween different portions of the signal. 

30 

9. Device according to one of Claims 1 -6, character- 
ized in that heart affecting means for the controlled 
application of voltage during activation intervals 
emits a triangular signal with a gentle transition of 

35 the derivative between the rising and the falling por- 
tion. 

10. Device according to one of the preceding claims, 
characterized in that the amplitude of the heart af- 

40 fecting means for the controlled application of volt- 
age during activation intervals is controllable by the 
control device (3) between 0 and 1 0 V. 



activation interval according to the invention. 

A special effect can be achieved by controlling, in a 
cyclical sequence : during a first interval, the voltage ap- 
plication between the ventricular electrodes PRV and 
PLV, during a second interval between the tip electrodes 
ERA and ERV and during a third interval between the 
ring electrodes IRA and IRV and, for example, carrying 
out this control at positive voltage. Thus the effect of the 
anode on the adjacent tissue will not be a problem dur- 
ing long term therapy with voltage application, in an 
analogous manner to the application of low frequency 
voltage. 

A plurality of electrodes can also be controlled at 
the same time to provide a multiphase effect, for exam- 
ple. In this case the oscillator 8 comprises several sep- 
arate oscillators for example, which can be individually 
controllable as regards phase and preferably also as re- 
gards frequency and amplitude from the control circuit 
3. The oscillator 8 can also be controlled to provide a 
varying output signal with the same sign, either in the 
form of half period or as variation amplitudes about a 
direct voltage. 

The very slow increase in voltage when determining 
the suitable voltage can be achieved for example by 
controlling the oscillator to a very low frequency. It is also 
possible for this purpose to have an extra engageable 
ramp circuit with a long rise period and with a gentle 
transition to a sloping decline period (not shown). 



Claims 

1. Device for affecting the heart, for example for im- 
plantation, comprising heart affecting means 
(3,4,5,6) controlled to affect the heart with the ap- 
plication of voltage of selectable polarity and dura- 
tion, characterized in that the heart affecting 
means (3,4,5,6) is arranged to apply, during an ac- 
tivation interval, a voltage signal over at least a se- 
lected portion of the heart, said signal comprising 
voltage changes, such as rise and fall, with a deriv- 
ative the absolute value of which, is less than the 
absolute value of the derivative which for the patient 
in question causes a triggering of the patient's 
heartbeat, said voltage signal having a duration 
from beginning to end of preferably at least 30 ms. 

2. Device according to Claim 1 , characterized in that 
said absolute value of the derivative is less than 600 
V/sec. 

3. Device according to Claim 1 or 2, which is also pro- 
vided with sensor means (2) for determining anom- 
alistic states and for emitting an anomaly signal, 
characterized by a control circuit (3) which, in re- 
sponse to the anomaly signal, emits a start signal 
to the heart affecting means to activate the same 
for at least one activation interval of said type. 



11. Device according to one of the preceding claims, 
45 characterized in that the heart affecting means dur- 
ing the activation interval or activation intervals pro- 
vide the controlled application of voltage either via 
an attached left or right ventricular electrode (PRV, 
PLV) placed on the exterior of the heart, an elec- 

50 trode (IRA, ERA) in the atrium and an electrode 
(IRV ERV) in the ventricle or an electrode in either 
the atrium or the ventricle and a reference electrode 
placed outside the heart, or a combination of these 
elec-trodes controllable from the control device (3) 

55 tor connection to the heart affecting means in a cy- 
clical sequence. 

12. Device according to one of the preceding claims, 
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characterized in that the heart affecting means dur- 
ing activation intervals provides the controlled ap- 
plication of voltage simultaneously via more at- 
tached electrodes than two. 

5 

13. Device according to one of the preceding claims, 
characterized in that each electrode of heart affect- 
ing means, coupled to the device is assigned a de- 
fined voltage so that each pair of attached elec- 
trodes together with the heart stimulation arrange- 10 
ment constitutes a source of cardiac therapy. 

1 4. Device according to one of Claims 1-10, character- 
ized in that the heart affecting means is placed on 

the exterior of a patient's body. 15 
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